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(54) Differential output amplifier arrangement 



(57) A differential output amplifier arrangement 
(DOA) comprises two operational amplifier (OA1 , OA2) 
each having a feedback resistor (R2, R4). A pair of out- 
put resistors (R1, R3) couples the output terminals 
(OUT1 , OUT2) of the operational amplifiers (OA1 , OA2) 
to respective output terminals (ZOUTI, ZOUT2) of the 
arrangement (DOA), and a pair of input terminals (R7, 
RB) couples input terminals (INI , IN2) of the arrange- 



ment (DOA) to negative polarity type input terminals 
(INN1, INN2) of the respective operational amplifiers 
(OA1, OA2). The positive polarity type input terminals 
(INP1 , INP2) of the operational amplifiers (OA1 , OA2) 
are grounded. Two additional resistors (R5, R6) cross- 
couple the output terminals (ZOUT1 , ZOUT2) of the ar- 
rangement (DOA) to the negative polarity type input ter- 
minals (INN2, INN1) of the cross-coupled operational 
amplifiers (OA2, OA1). 
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Description 

[0001] The present invention relates to a differential output amplifier arrangement as defined in the non-characteristic 
part of claim 1 . 

5 [0002] Such a differential output amplifier arrangement is already known in the art, e.g. from the European Patent 
Application EP 0 901 221 from applicant Alcatel, entitled 'Differential Output Amplifier Arrangement and Method for 
Tuning the Output Impedance of a Differential Output Amplifier*. The differential output amplifier arrangement disclosed 
therein is active back terminated. This means that a pair of resistors - R3 and R30 in the drawing of EP 0 901 221 - is 
foreseen between the outputs of the operational amplifiers and the output terminals of the arrangement, and that a 

10 pair of resistors - R4 and R40 In the drawing of EP 0 901 221 - is foreseen cross-coupling the output terminals of the 
arrangement to the negative input terminals of the cross-coupled operational amplifiers. Thanks to this active back 
termination, the power consumed by the differential output amplifier arrangement to generate a signal with a given 
level, reduces drastically, e.g. by afactor2. The signal source is coupled to the positive input terminals of the operational 
amplifiers, whereas aresistor interconnects the negative inputterminals of the operational amplifiers. This configuration 

is at the entrance does not allow to realise the biasing and gain control for the amplifier arrangement with a minimum 
amount of components. 

[0003] An object of the present invention is to provide a differential output amplifier arrangement similarto the known 
one, but whose biasing and gain control can be realised with a minimum amount of components. 
[0004] According to the invention, this object is achieved by the differential output amplifier arrangement defined in 
20 claim 1 . 

[0005] Indeed, thanks to the presence of the seventh and eight resistors, which provide biasing and gain control, a 
signal source can be directly coupled to the input terminals of the amplifier arrangement according to the present 
invention. This signal source could not be directly coupled to the input terminals of the prior art amplifier arrangement 
because the biasing there required two resistors to be inserted between the signal source and the input terminals of 
25 the amplifier arrangement. These biasing resistors inherently form part of the amplifier arrangement according to the 
present invention wherein no longer a resistor interconnecting the negative input terminals of the two operational am- 
plifiers is needed, which was the case in the prior art solution. 

[0006] It is to be noticed that the term 'comprising', used in the claims, should not be interpreted as being limitative 
to the means listed thereafter. Thus, the scope of the expression 'a device comprising means A and B' should not be 
30 limited to devices consisting only of components A and B. It means that with respect to the present invention, the only 
relevant components of the device are A and B. 

[0007] Similarly, it is to be noticed that the term 'coupled', also used in the claims, should not be interpreted as being 
limitative to direct connections only. Thus, the scope of the expression 'a device A coupled to a device B' should not 
be limited to devices or systems wherein an output of device A is directly connected to an input of device B. It means 
35 that there exists a path between an output of A and an input of B which may be a path including other devices or means. 
[0008] An additional feature of the differential output amplifier arrangement according to the present invention is 
defined in claim 2. 

[0009] Thus, a better load balance of the two operational amplifiers is obtained if the feedback resistors have sub- 
stantially identical resistance values. 
40 [0010] Additional advantageous features of the differential output amplifier arrangement according to the present 
invention are defined in claims 3 and 4. 

[0011] In this way, by having the resistors of the active back termination pair-wise substantially equal, not only a 
better load balance of the operational amplifiers is obtained but also the design criteria and formulas that allow to select 
the values of the back termination resistors so that specific characteristics are obtained : become much simpler. This 
45 is explained in the already cited European Patent Application EP 0 901 221 . 

[0012] Another advantageous feature of the differential output amplifier arrangement according to the present inven- 
tion is defined in claim 5. 

[0013] Thus, the biasing resistors preferably have substantial equal resistance values. 

[0014] Still an advantageous feature of the differential output amplifier arrangement according to the present inven- 
50 tion is defined in claim 6. 

[001 5] In this way, the amplifier arrangement according to the present invention becomes a stable system from point 
of view of system theory, which implies that the arrangement will not oscillate. 

[0016] The above mentioned and other objects and features of the invention will become more apparent and the 
invention itself will be best understood by referring to the following description of an embodiment taken in conjunction 
55 with the accompanying drawing that represents an embodiment of the differential output amplifier arrangement ac- 
cording to the present invention. 

[0017] The differential output amplifier arrangement DOA represented in the drawing has two arrangement input 
terminals denoted by 1N1 and IN2, and two arrangement output terminals denoted by ZOUT1 and ZOUT2. To the 
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arrangement input terminals IN1 and IN2 terminals of a differential input signal source are coupled. The arrangement 
outout terminals Z0UT1 and ZOUT2 are coupled to transmission lines T1 and 12, 
0^8 The 

Zing respective non-inverting input terminals INP1 and INP2, respective Inverting input terminals INN1 and INN2 
5 and havTng" elective output terminals OUT1 and OUT2. The output terminal OUT" I of the rst °P"^*"££ 
OAl Tcoupled to the first arrangement output temMnal ZOUT1 via a first resistor R1 , and feedback coupled to the 

Slngn P ^« 

OUT2 of the second operational amplifier OA2 is coupled to the second arrangement output terminal ZOUT2 via t a 
third resistor R3, and feedback coupled to the inverting input terminal INN2 of this second operational amplrfier OA2 

10 ?MlTThlXen?al output amplifier arrangement DOA1 contains two additional resistors, a fifth resistor R5 cross- 
55, the e f«geme P nt output terminal ZOUT1 to the inverting input terminal I INN2 of the -»nd °P = a 
amplifier OA2 and a sixth resistor R6 cross-coupling the second arrangement output term.na ZOUT2 to th^rtmg 
^ut teimins^ INN1 of the first operational amplifier OA1 . These two resistors, R5 and R6, together with ® * j^f!^ °J 
S thW esfeVor R3 constitute an active back termination that allows to tune the output impedance of the 

arangemem^ 

a 3r P edance which is denoted by RL in the drawing, and which in the drawing is coupled to the transmission lines 

SS e— RL1 and RL2. The characteristic impedance of the transmission lines 
o be eoual to RL/2 for matching purposes. As is explained in the already cited European Patent Application EP 0 901 
2 Te^ 

DOA to deliver an output signal having a given power with reduced supply vjtage for the operational amplifiers OA1 
and OA2 and/or with an increased dynamic range for both operational amplifiers OA1 and OA2 
SoiThe dl renti al output amplifier arrangement DOA furthermore contains a seventh resistor R7 coupled be- 
En the irst arrangement input terminal IN1 and the inverting input terminal INN1 of te first 
OA? and an eighth resistor R8 coupled between the second arrangement input terminal IN2 and the inverting npu 
£^W«^T£nd operational amplifier OA2. Between the first input terminal IN1 and the second , P ut 
t«^in a j imo nf thp arranaement DOA the differential input signal Vs is applied. 

002 1 XlSnSSS^ impedance of the differential output amplifier arrangement DOA, assuming that 
[^resist™ f RlTd I rT R2 andR4, R5 and R6, R7 and R8 pair-wise have substantially identical resistance values, 
30 is given by: 
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70UT 2 ' R1 - R5 (1) 
ZOUI " R1 + R5-R2 



35 [0022] From this formula, it is understood that the sum of the resistance values R1 and R5 has to exceed the resist 
knee value R2 a requirement that is also obtained from stability analysis for the arrangement DOA. 
m The gatn oTthe differential output amplifier arrangement DOA. again assuming that the mm ors R1 and R3, 
R2 and R4 R5 and R6, R7 and R8 pair-wise have substantially identical resistance values, .s given by. 
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R 7.R2-R7.RH-R7.R5-t-2.R2.R5 R( _ ( 2 ) 

A= 2.R7.R1.R5 + RL.R7.R5 + HL.R7.R1- RL.H/.Hii 

rnn,Ai Th* resistance values R1 R2 R5 and R7 on the basis of the formula's (1 ) and (2) can be chosen so that the 
Ed Z nd ^t^em outpuTimpedance are reaped. Moreover, the resistors R7 and R8 that allow to tune 

SaUofthedi^^ 

moSSty realised in fte arrangement according to the present invention, since less components are required ,n 

Io^bT Both formula's (1) and (2) assume that the operational amplifiers OA1 and OA2 are 'ideal' operational ampli- 
Ssieh^lite^ 
relobeS^^^^ 

Subscriber Line) line driver. The characteristic impedance in such a line driver is transformed by a hybrid into a value 
!f 1 2 5 Ohm observed at the output of the operational amplifiers OA1 and OA2. The load resistance RL has an equ.v- 
Sl**^ Ohmfor matching purposes. The desired gain A is set by surrounding system considera- 
" ns fta Seyo d the scope of this patent application. For such an embodiment, the operetta, amplrfiers and 
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resistance values may be chosen as follows: 

- For the operational amplifiers, current amplifiers such as the AD81 6 may be chosen, because of their excellent 
current drive capability, and their low high frequency distortion, Important characteristics for the ADSL application, 
as will be recognised by persons skilled in the art. 

- The feedback resistors R2 and R4 are selected to obtain the desired gain-bandwidth product for the amplifier. 
These values are provided by the data sheets from the manufacturers of the operational amplifiers. 

- R1 and R3 should on the one hand should be as small as possible to allow maximum power to the load. Since the 
operational amplifiers OA1 and OA2 are not ideal and in a closed-loop configuration by the presence of the feedback 
resistors R2 and R4, the non-zero output impedance of these amplifiers adds to the value of the resistors R1 and 
R3. To minimise this effect, the resistance values for R1 and R3 are selected to be at least one order of magnitude 
larger than the amplifier output impedance value. 

- From the formula's (1 ) and (2), the values of R5 and R7 are then calculated. 

[0027] While the principles of the invention have been described above in connection with specific apparatus, it is 
to be clearly understood that this description is made only by way of example and not as a limitation on the scope of 
the invention. 



Claims 

1 . Differential output amplifier arrangement (DOA) comprising: 

- a first arrangement Input terminal (IN1 ) and a second arrangement inputterminal (IN2) for respectively coupling 
to a first terminal and a second terminal of an input signal source (Vs); 

- a first arrangement output terminal (ZOUT1 ) and a second arrangement output terminal (ZOUT2) for delivering 
a differential output voltage, said differential output; 

- a first operational amplifier (OA1) having a first amplifier input terminal (INP1) of a first polarity type (+), and 
a second amplifier input terminal (INN1) of a second polarity type (-) opposite of said first polanty type {+) 
and an amplifier output terminal (OUT1 ) coupled to said first arrangement output terminal (ZOUT1 ) via a first 
resistor (R1 ) and coupled to said second amplifier input terminal (INN 1 ) of said first operational amplifier (OA1 ) 
via a second resistor (R2); 

- a second operational amplifier (OA2), having a first input terminal (INP2) of said first polarity type (+). and a 
second amplifier inputterminal (INN2) of said second polarity type (-), and an amplifier output terminal (OUT2) 
coupled to said second arrangement output terminal (ZOUT2) via third resistor (R3) and coupled to said second 
amplifier input terminal (INN2) of said second operational amplifier (OA2) via a fourth resistor (R4); 

. a fifth resistor (R5) coupling said first arrangement output terminal (ZOUT1) to said second amplifier input 
terminal (INN2) of said second operational amplifier (OA2), and a sixth resistor (R6) coupling said second 
arrangement output terminal (ZOUT2) to said second amplifier input terminal (INN1) of said first operational 
amplifier (OA1). 

CHARACTERISED IN THAT said first amplifier inputterminal (INP1 ) of said first operational amplifier (OA1 ) 
is coupled to a ground and said first amplifier inputterminal (INP2) of said second operational amplifier is coupled 
to said ground, and In that said differential output amplifier arrangement (DOA) further comprises: 

- a seventh resistor (R7) coupling said first arrangement input terminal (INI) to said second amplifier input 
terminal (INN1) of said first operational amplifier (OA1), and an eight resistor (RB) coupling said second ar- 
rangement input terminal (IN2) to said second amplifier input terminal (INN2) of said second operational am- 
plifier (OA2). 

2. Differential output amplifier arrangement (DOA) according to claim 1 , 

CHARACTERISED IN THAT said second resistor (R2) and said fourth resistor (R4) have substantially iden- 
tical resistance values. 

3 Differential output amplifier arrangement (DOA) according to claim 1 , 

CHARACTERISED IN THAT said first resistor (R1) and said third resistor (R3) have substantially identical 

resistance values. 
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4 Differential output amplifier arrangement (DOA) according to claim 1 , 

CHARACTERISED IN THAT said fifth resistor (R5) and said sixth resistor (R6) have substantially identical 

resistance values. 

5 5. Differential output amplifier arrangement (DOA) according to claim 1 , 

CHARACTERISED IN THAT said seventh resistor (R7) and said eighth resistor (R8) have substantially iden- 
tical resistance values. 

6 Differential output amplifier arrangement (DOA) according to any one of the previous claims, 
10 CHARACTERISED IN THAT the resistance value of said second resistor (R2) is smaller than the sum of the 

resistance values of said first resistor (R1) and said fifth resistor (R5). 
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